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(57) Abstract 

The invention relates to a locating method and an arrangement for determining the location of a terminal (12) in a radio system 
comprising a plurality of base stations (10, 11) and terminals (12). At least two base stations (10, 11) with known locations transmit a 
signal used in locating the terminal (12), and the signals are transmitted in beams (13. 14) with directional antenna patterns and the direction 
of the beams (13. 14) is changed as a function of time. The temiinal (12) determines the location of the base station (10, 11) and the 
transmission direction of the signal used in location determination by means of the beam (13. 14) transmitted by said at least two base 
stations (10. It). Since the terminal (12) is located at the intersection of the beams (13, 14) of the base stations (10, 11) transmitting from 
known locations, the location of the terminal (12) can easily be determined. The solution takes multipath propagation into account. 
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Locating method and arrangement 

FIELD OF THE INVENTION 

The invention relates to a locating method for determining the loca- 
tion of a terminal in a radio system comprising a plurality of base stations and 
5 terminals. 

The invention further relates to a locating arrangement for deter- 
mining the location of a terminal in a radio system comprising a plurality of 
base stations and terminals. 

BACKGROUND OF THE INVENTION 

10 A typical mobile telephone system covers a large geographical area 

and comprises a plurality of coverage areas, i.e. cells, each usually served by 
one base station. The cells vary greatly in size, usually in accordance with the 
amount of the call traffic in the area. In areas of high traffic density, the cell 
size is usually smaller than in areas where fewer calls are made. Irrespective 

15 of the size of a cell, it would often be useful to know the geographical location 
or direction of movement of a subscriber terminal. 

Several different methods have been developed for determining the 
geographical location of terminals. The location information of a terminal can 
be utilized for a number of purposes. If the user desires, he or she can deter- 

20 mine his or her location; the location of a terminal placing an emergency call 
can be determined in order to be able to send help; or call charging can be 
dependent on the location. The distance of the terminal from the base station 
communicating with it can easily be determined on the basis of propagation 
delay. Among the most widely used methods is a triangulation method in 

25 which the signal of the terminal is measured by means of three or more base 
stations, and the location of the terminal is computed on the basis of the 
propagation delay of the signals. This solution is also known as the TA (Timing 
Advance) method. 

In another known solution, the terminal receives information on the 

30 clocks and location coordinates of the base stations located in the vicinity of 
the terminal from the cellular system. Next, the terminal measures the time 
differences of the signals received from the base stations in question and de- 
termines its location on the basis of the measured time differences and the 
information received from the system. 
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The problem of the known methods, such as the triangulation, is 
however that the location of the tenninal cannot be found out very accurately 
and the location Information thus obtained cannot be utilized in applications in 
which accurate geographical parameters are essential. 

5 BRIEF DESCRIPTION OF THE INVENTION 

An object of the invention is thus to provide a method and an ar- 
rangement implementing the method so as to solve the above problems and 
determine the location of a terminal accurately. 

This is achieved by a method of the type disclosed in the Introduc- 
10 tion, the method being characterized in that it comprises the following method 
steps: at least two base stations with known locations transmit a signal used in 
locating the terminal; the signals are transmitted in beams with directional an- 
tenna patterns; the direction of the beam is changed as a function of time; the 
terminal measures the signals transmitted by said at least two base stations 
15 and used in location detemiination, on the basis of which measurement the 
location of said base stations and the transmission direction of the signal used 
In location determination are determined and the location of the terminal is 
determined on the basis of the location of the base stations and the transmis- 
sion direction of the signal used in location determination. 

arrangement of the invention is characterized in that at least 
two base stations with known locations comprise a transmitter for transmitting 
a signal used in locating the terminal and having a directed beam, and the 
transmitter is an-anged to change the direction of the beam as a function of 
time; the terminal comprises means in a receiver which are arranged to meas- 
25 ure the signals which are arranged to determine the location of the base sta- 
tion and the transmission angle of the signal used In location determination, 
and the radio system comprises means for determining the location of the ter- 
minal on the basis of the measurement performed by the terminal. 

Several advantages can be achieved by the method and arrange- 
30 ment of the invention. The location of the terminal can be determined accu- 
rately with no need for great changes in the software of the base stations or 
terminals. The signalling load of the network part in the radio system is light. 
The arrangement of the invention is more accurate than the TA or OTD 
(Observed Time Difference) methods, for example, and no active call is nec- 
35 essary for determining the location. Furthermore, the an-angement of the in- 
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vention operates equally well indoors and outdoors and the terminal can also 
determine its location itself. In addition, the solution according to the invention 
can easily be combined with other known locating solutions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The invention is now described in closer detail in connection with 

the preferred embodiments with reference to the accompanying drawings, in 
which 

Figure la shows an instantaneous situation in an embodiment of 
the invention, 

10 Figure lb shows an instantaneous situation in an embodiment of 

the invention, 

Figure 2a shows a situation in which a signal used in location de- 
termination is multipath-propagated, 

Figure 2b shows the timing of the signals received by a terminal and 
15 used in location determination in the situation of Figure 2a, 
Figure 3 is a block diagram of the terminal. 
Figure 4 is a block diagram of the terminal, and 
Figure 5 is a block diagram of a base station. 

DETAILED DESCRIPTION OF THE INVENTION 

20 The solution of the invention is particularly suited for a GSM radio 

system but it can also be applied to other radio systems. 

Let us now examine the method of the invention at a general level. 
The solution is suited for a radio system comprising a plurality of base stations 
and terminals and in the method, at least two base stations with known loca- 

25 tions transmit a signal used in locating the terminal, which signals are trans- 
mitted in beams with directional antenna patterns. The direction of the beams 
is continuously or discontinuously changed as a function of time. A function 
which changes the direction can be truly regular as in a constant rotating 
movement, periodic, pseudo-random or truly random. When the directioning is 

30 random, the direction angle of the beam can thus be randomly chosen but 
during transmission, however, the angle is always known. The terminal meas- 
ures the reception moment of the signal transmitted by at least two base sta- 
tions and used in location determination. Since the location of the base sta- 
tions is known and since the transmission angles towards the terminal of the 

35 base stations are known, the location of the terminal can be determined in the 
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same manner as in triangulation. In the solution of the invention, it is assumed 
that in view of the measurement the terminal does not substantially move be- 
tween the measurements of the locating signals transmitted by different base 
stations. 

\ ^ . invention can now be examined by way of example without 

losing the basic idea of the solution in accordance with the invention or re- 
stricting the scope of the invention when the base stations rotate the signal 
used in location determination steadily, in which case the direction of the an- 
tenna pattern of the signals is changed as a function of time by rotating the 

10 beam around the base station at the cell level. Since the angular velocity a of 
the rotation is steady, the direction of the beam at an initiating rotational turn is 
coT at moment T. In the solution of the invention, at the beginning of at least 
one of the rotational tums that follows the directioning of the beam can. how- 
ever, also be changed by phase shift <|), In which case the direction of the 

1 5 beam, i.e. angle e. at moment T is 9 = toT + (j). Preferably, the beam does not 
then point sequentially in the same directions during each round. This is useful 
particularly in discontinuous, i.e. discreet, rotation in which the direction angle 
e without the addition of phase shift at moment T is 0 = nAa. where n is an in- 
teger index increasing with time and Aa is a discreet change of the direction 

20 angle. 

Let us now take a closer look at the solution of the invention by 
means of Figures 1a to 4. Figures 1a and 1b show the inventive solution in 
which signals 13 and 14 transmitted by base stations 10 and 11 and used in 
locating a tenninal 12 rotate around the terminals 10 and 11 in the direction 

25 shown by the arrows. The previously known location of the base stations 10 
and 11 Is for instance determined on a cartesian axis of coordinates in such a 
manner that the base station 10 Is situated at point (x,. yj and the base station 
11 at point (Xj. yj). At moment t = t,. the beam 14 of the signal used in locating 
the base station 10 points towards the terminal 12 situated somewhere within 

30 the area of the beam 14. The direction angle of the locating signal 14 trans- 
mitted by the base station 10 is then Q,{X,). Figure l b shows the situation at 
moment t = i^, when moment t^ Is different from t,. The beam 14 of the locating 
signal of the base station 11 then becomes pointed towards the terminari2 at 
an angle e2(t2). Further, the beam of the base station 10 at moment t, is Indi- 

35 cated by the broken line in Figure 1b. Hence, on the basis of the measure- 
ment, the terminal 12 is located at the intersection of the beams 13 and 14 



BNSDCXrD: <WO 9933302A2 L> 



wo 99/33302 



PCT/FI98/00965 



5 

indicated by the vertical lines in Figure 1b. The main axes of the beams 13 
and 14 are indicated by the dotted lines inside the beams. 

In order to determine a more accurate location of the terminal the 
terminal 12 measures the intensity distribution or the like of the beam during 
one or more turns and forms the direction of the main axis of the beam. The 
main axis is then utilized in determining the location of the terminal 12 and the 
terminal 12 is thus situated at the intersection of the main axes which are indi- 
cated by the broken lines in Figure lb. If the intensity distribution of the beam 
is measured during one turn, the speed of rotation must be rather low. The 
beam can thus rotate around the base station 10 and 11 in for instance 36 
seconds. When the width of the beam is 10° the terminal has approximately 
one second, in other words in the GSM system 8 idle TDMA time slots, i.e. 64 
possible locating bursts, to receive locating information. If the terminal 12 uses 
four different base stations in location determination, the terminal 12 is able to 
receive 16 locating bursts from each base station. On the basis of these six- 
teen chronologically sequential measurements the terminal 12 can form the 
intensity distribution of the beams and determine the direction of the main axis. 

The speed of rotation can also be slightly higher. In such a case, 
the width of the beam can for instance be 20° and the rotation can be discreet, 
in which case the locating signal jumps ahead by 20° after the transmission of 
each locating burst. Hence, a full turn takes 18 bursts and slightly over 10 ms. 
If the terminal 12 receives locating bursts only in idle TDMA frames, the recep- 
tion and transmission angles of a locating burst are independent from each 
other and thus the terminal does not always receive the locating burst from the 
same time slot. Receiving the locating burst in the same time slot would lead 
to a systematic error which would, on the average, correspond to half of the 
angle of opening of the beam. Also in this case the terminal collects a suffi- 
cient number of statistical samples of the locating signals transmitted by the 
base stations and forms the intensity distribution of the beam on the basis of 
the measurements and determines the main axis from the distribution. 

In a fast rotation of the beam, the beam rotates a full circle in for in- 
stance approximately 4.6 ms. The angle of opening of the beam is then pref- 
erably for instance 45°, As in the previous example, the beam rotates after the 
transmission of each burst by the angle of opening, i.e. in this case 45°. 
Hence, the beam rotates around the base station during 8 bursts, i.e. one 
TDMA frame. At specific intervals, preferably at intervals of 120 ms, the direc- 
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tion angle of the beam is changed by adding or subtracting for Instance 2.5° in 
order to prevent the terminal from receiving the burst of the locating signal 
from the same time slot in each direction angle all the time. In accordance with 
this example, the rotating of the burst of the locating signal is repeated in a 
similar manner in each 18 * 120 ms = 2.16 s, during which time the terminal 
has preferably collected 18 samples of each locating signals within the 45° 
angle of opening. The intensity distribution can thus be preferably determined 
with an accuracy of 2.5°. 

In a preferred embodiment of the Invention the base stations 10, 1 1 
transmit information on the base station and the direction angle 6 with the sig- 
nals used In location determination. Since the location of each base station 10. 
11 is known, the location of the terminal 12 can be determined by means of 
the direction angle of the locating signal of at least two different base stations. 

When the base stations 10. 11 and the terminals 12 are synchro- 
nized so as to make the reception moment of the signal and the transmission 
angle 9 depend on each other, the base stations 10, 11 can only transmit in- 
formation on themselves with the signals used in location determination. The 
information on the base station can be a base station identification code by 
means of which the base station 10, 1 1 can be located or the information can 
directly be the location information on the base station. 

The network part can be determined to comprise the other parts of 
the radio system except the terminals. When the terminal 12 then transfers its 
measurement information over a radio path to the network part, the location of 
the terminal 12 Is determined in the network part. In practice, the location can 
be detemnined for instance at the base station controller. As an alternative to 
determining the location In the network part, the tennlnal can also determine 
its location itself. Particularly in the GSM radio system, the signal used in loca- 
tion determination can be transmitted over a BCCH (BroadCastCHannel) 
channel or the BCCH channel can indicate which frequency and which time 
slots are for the location, what the coordinates of the base stations are 
(identity/coordinate), etc. In such a case the network transmits the signal used 
in locating the terminal at one frequency In one or more time slots. 

Multipath propagation, i.e. the fact that the signal propagates from 
the transmitter to the receiver via several routes, presents a problem in the 
radio locating systems. The inventive solution can mitigate the effect of this 
problem, or even eliminate the problem. 
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The problem caused by multipath propagation can be mitigated for 
instance in sucii a manner that the terminal 12 measures the signal used in 
location determination during one full tum. In the case in accordance with Fig- 
ure 2a. the terminal 12 for instance detects a signal (reflected) of a path 21, a 
5 signal (reflected) of a path 22, and a signal (direct, correct) of a path 23. Let us 
suppose that these are the only signals that the terminal 12 detects during the 
time it takes the signal used in location determination to rotate 360° around the 
base station 10. The problem is to find out which of the detected signals 
(angles) 21, 22 and 23 is the correct one. The terminal 12 knows that for ex- 

10 ample in the GSM. the time difference between the signals is (during transmis- 
sion) the multiple (n*0.577 ms) of a time slot (0.577 ms). In general, the time 
difference between the signals can be any known or predetermined length of 
time. If the time between the received signals (modulo time slot length, i.e. 
0.577 ms in the GSM) is longer or shorter, the signals have traveled distances 

15 of different length. In the case of Figure 2a, which is illustrated in closer detail 
in Figure 2b, the first signal 21 arrives at a moment which is set to moment 0. 
The next signal 22 arrives for instance at moment 3.1 (time slot length units), 
and the third signal 23 for instance at moment 7.9. The terminal 12 can infer 
that if the signal 21 had come directly, all the other signals 22 and 23 should 

20 be equally early or late. The signal 22 is late in regard to the signal 21 (the 
signal 22 should have arrived at moment 3.0 in order to have propagated di- 
rectly). The signal 23, on the other hand, should have anrived at moment 8.0. 
However, since the signal 23 is relatively ahead in regard to the signal 21, it 
can be inferred that the signal 23 is a signal that has propagated directly (or 

25 has come via the shortest reflected route). (In the GSM, the length of a time 
slot 0.577 ms corresponds to 173 km. Hence, the relative arrival moment 7.9 
of the signal 23 cannot mean that the signal 23 should have arrived at moment 
7.0 and that it would be 0.9 time slots late since the signal 23 should then 
have traveled 156 extra kilometers, which is impossible). The temiinal 12 can 

30 thus prevent problems caused by multipath propagation and signal reflection 
by measuring the relative time differences (modulo time slot length) between 
arriving locating signals during the period of time it takes the locating beam to 
rotate 360°. The arrival moment of the first received signal is set to moment 0. 
If the next signals do not include signals that are early, the first signal is the 

35 most direct signal possible. If an early signal exists, the one with the longest 
advance is the most direct signal. 
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Figure 3 shows a block diagram of the terminal in accordance with 
the invention. The tenninal comprises an antenna 30, radio frequency parts 
31 , a demodulator 32. means 33 for measuring the locating signal and locating 
means 34. The radio frequency parts 31 include a mixer which multiplies a 
received signal by the frequency of a local oscillator, and low-pass filters the 
incoming signal. The frequency of the received signal is thus lowered to the 
intermediate frequency. In addition, the radio frequency parts 31 can comprise 
a part for adjusting the automatic gain control by which the signal level is kept 
substantially unchanged. The demodulator 32 converts the signal into digital In 
" accordance with the prior art, equalizes the signal, forms a symbol which cor- 
responds to the transmitted one and synchronizes the reception. The de- 
modulated signal propagates further to the user. The demodulated locating 
signal, however, propagates to the locating signal measurement means 33 
which, in accordance with the inventive method, by means of the signal de- 
termine the location of the terminal, the direction angle of the locating signal 
and preferably even the intensity distribution. In the solution in accordance 
with the block diagram of Figure 3, the terminal determines its location itself in 
the locating means 34 by means of the base station locations and the direction 
angles of the locating signals. From the locating means 34, the signal propa- 
gates typically to the user and/or elsewhere in the radio network. The locating 
means 34 can also be situated in the network part of the radio system. 

The terminal shown in Figure 4 performs the measurement of the 
locating signal, but the location determination of the terminal is performed 
elsewhere in the radio network. The terminal comprises an antenna 40, a du- 
plex filter 41 , radio frequency parts 42 of the receiver, a demodulator 43, radio 
frequency parts 44 of the transmitter, a modulator 45 and means 46 for meas- 
uring the locating signal. In view of the receiver, this solution operates in a 
highly similar way to the solution in which the temriinal determines its location 
Itself. The antenna 40 receives the locating signals. The duplex filter 42 sepa- 
rates the transmitter and the receiver so as to enable them to operate simulta- 
neously. Consequently, the received locating signals also propagate from the 
antenna 40 through the duplex filter 41 to the radio frequency parts 42, which 
convert the radio-frequency locating signals to an intermediate frequency. The 
locating signals are demodulated in the same manner as in the demodulator 
32 of Figure 3. The locating signal is measured in the measuring means 46. 
the reception moment of the signal for instance being then determined. Fur- 
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thermore, in the inventive solution, the location and direction angles of the 
base stations can be determined in the measuring means 46, but the location 
and direction angles of the base stations can also be determined elsewhere in 
the radio system. Since the terminal does not determine its location itself in 
5 this embodiment, the measurement information is transferred to the modulator 
45 of the transmitter which converts the signal comprising digital symbols into 
analogue in a known modulation method (such as PAM. PSK. FSK. QAM. 
CPM, etc.) In addition, the modulator 45 can process the frequency band of 
the signal thus formed. The radio frequency parts 44 comprise a mixer by 
10 which the signal is multiplied into radio frequency. The radio-frequency meas- 
uring signal propagates through the duplex filter 41 to the antenna 40. from 
which the locating signal further propagates through the base station for in- 
stance to the base station controller in order to form the location information of 
the terminal. 

15 Figure 5 shows a typical base station with its essential blocks in ac- 

cordance with the invention. The base station comprises a separate transmit- 
ter 101 for the locating signal of the terminal. The transmitter 101 comprises 
an antenna 56, radio frequency parts 57 and a modulator 58. The antenna 56 
can be directed mechanically or electronically in a known manner. In the me- 

20 chanical directioning, the antenna 56 rotates physically, whereas in the elec- 
tronic directioning the phasing of the antenna elements included in the an- 
tenna 56 is changed in a known manner so as to turn the direction of the 
beam. In the different embodiments of the Invention, the information contents 
of the signal supplied to the modulator 58 can be empty or it can comprise in- 

25 formation on the base station and/or the direction of the transmission angle. 
The information on the base station can be a code enabling the location of the 
base station to be determined in a map or a table, or location information on 
the base station. 

The base station also comprises a receiver 201 and a transmitter 
30 202 for the actual operation of the radio system. More specifically, the base 
station receiver comprises an antenna 50, duplex means 51 for separating the 
transmission and the reception directions, radio frequency means 52 of the 
receiver and a demodulator 53. The transmitting side 202 comprises a modu- 
lator 55 and radio frequency parts 54 from which the signal propagates to the 
35 duplex means 51. The signal is further processed for a fixed network by a mi- 
croprocessor. 
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Since the location of the temiinal can be repeatedly determined at 
different moments by the inventive solution, the solution of the invention can 
also be used for determining the movement of the terminal. 

Although the invention is described above with reference to the ex- 
ample in accordance with the accompanying drawings, it is obvious that the 
Invention is not restricted thereto but it can be modified in many ways within 
the scope of the inventive idea disclosed in the attached claims. 
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CLAIMS 

1. A locating method for determining the location of a terminal (12) 
in a radio system comprising a plurality of base stations (10, 11) and terminals 
(12), characterizedin that the method comprises the following method 

5 steps: 

- at least two base stations (10, 1 1) with known locations transmit a 
signal used in locating the terminal (12); 

- the signals are transmitted in beams (13, 14) with directional an- 
tenna patterns; 

10 - the direction of the beam (13, 14) is changed as a function of time; 

- the terminal (12) measures the signals transmitted by said at least 
two base stations (10, 11) and used in location determination, on the basis of 
which measurement the location of said base stations (10, 11) and the trans- 
mission direction of the signal used in location determination are determined 

15 and 

- the Ideation of the terminal (12) is determined on the basis of the 
location of the base stations (10, 11) and the transmission direction of the sig- 
nal used in location determination. 

2. A method as claimed In claim 1, characterized in that the 
20 direction of the beam (13, 14) of the signals used in location determination is 

changed as a function of time by rotating the beam (13, 14) around the base 
station (10, 1 1 ) at the cell level. 

3. A method as claimed In claim 2, characterized In that the 
terminal (12) measures the signal used in location determination during at 

25 least one full 360° turn and. by means of the timing of the received signals, the 
signal that has propagated via the most direct route from the base station (10, 
1 1 ) to the terminal (12) is determined in order to reduce the effects caused by 
multipath propagation. 

4. A method as claimed in claim 2, characterized in that the 
30 angular velocity co of the rotation of the beam (13, 14) is steady, in which case 

the direction of the beam (13, 14) at an initiating rotational turn is coT at mo- 
ment T, and at the beginning of at least one of the rotational turns that follows 
the directioning of the beam (13, 14) is changed by phase shift <|), the direction 
of the beam (13, 14) being ojT + <t» at moment T. 
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5. A method as claimed in claim 1. characterized in that the 
temiinal (12) measures the intensity distribution or the like of the beam (13, 
14) during one tunn In order to determine the direction of the main axis of the 
beam (13, 14), which main axis is used in determining the location of the ter- 

5 minal (12). 

6. A method as claimed in claim 1, c h a r a c t e r i z e d in that the 
terminal (12) measures the intensity distribution or the like of the beam (13, 
14) in order to determine the direction of the main axis during several turns, 
which main axis Is used in detemnining the location of the terminal (12). 

"■^ 7. A method as claimed in claim 1, characterized In that the 

base station (10. 11) transmits in time-divisional TDMA frames, when the 
beam (13, 14) rotates a full circle around the base station (10. 11) during one 
TDMA frame. 

8. A method as claimed In claim 1, characterized in that the 
15 signals used in location determination comprise information on the base sta- 
tion (10, 11) and on the angle information of the direction of the signal in order 
to determine the location of the terminal (12). 

9. A method as claimed in claim 1. characterized in that the 
signals used in location determination comprise information on the base sta- 

20 tion (10, 11), the base stations (10, 11) and the terminals (12) are synchro- 
nized so as to make the reception moment and the transmission angle depend 
on each other and the tenninal (12) measures the reception moment of the 
signal used in location determination in order to determine the transmission 
angle. 

25 10. A method as claimed in claim 1, characterized in that 

when the networi^ part comprises the other parts of the radio system except 
the terminal (12) and when the terminal (12) transfers its measurement infor- 
mation to the network part, the location of the terminal (12) is determined in 
the network part. 

"I • A method as claimed in claim 10, characterized In that 
the location information is transferred from the network to the terminal (12) 
over a radio path. 

12. A method as claimed in claim 1, characterized in that 
the terminal (12) determines its location itself. 

A method as claimed in claim 1. characterized in that in 
a GSM radio system, the signal used in location determination is transmitted 
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over a BCCH channel or the information on the frequency and time slots of the 
signal used in location determination is provided over the BCCH channel. 

14. A method as claimed in claim 1, characterized in that 
the signal used in location determination is transmitted at one frequency in one 

5 or more time slots. 

1 5. A locating arrangement for determining the location of a termi- 
nal in a radio system comprising a plurality of base stations (10, 11) and termi- 
nals (12), characterized in that 

at least two base stations (10, 1 1) with known locations comprise a 
10 transmitter (101) for transmitting a signal used in locating the terminal (12) and 
having a directed beam (13, 14), and the transmitter (101) is arranged to 
change the direction of the beam (13, 14) as a function of time; 

the terminal (12) comprises means (46) in a receiver which are ar- 
ranged to measure the signals which are arranged to determine the location of 
15 the base station (10, 11) and the transmission angle of the signal used in loca- 
tion determination, and 

the radio system comprises means (34) for determining the location 
of the terminal (12) on the basis of the measurement performed by the termi- 
nal (12). 

20 16. An arrangement as claimed in claim 15, characterized 

in that the transmitter (101) of the base station (10, 11) is arranged to change 
the direction of the beam (13, 14) of the signals as a function of time by rotat- 
ing the beam (13, 14) around the base station (10, 1 1) at the cell level. 

17. An anrangement as claimed in claim 15, characterized 
25 in that the terminal (12) is arranged to measure the signal used in location 

determination during at least one full 360° turn and the arrangement is ar- 
ranged to determine, by means of the timing of the received signals, the signal 
that has propagated via the most direct route from the base station (10, 11) to 
the terminal (12) in order to reduce the effects caused by multipath propaga- 
30 tion. 

18. An arrangement as claimed in claim 15, characterized 
in that the transmitter (101) of the base station (10, 11) is arranged to rotate 
the antenna beam (13, 14) steadily in regard to the angular velocity co. In which 
case the direction of the beam (13, 14) at an initiating rotational turn Is coT at 

35 moment T, and at the beginning of at least one of the rotational turns that fol- 
lows the transmitter (101) is arranged to change the directioning of the beam 
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(13. 14) by phase shift (j), the direction of the beam (13. 14) being coT + cj) at 
each moment T. 

19. An arrangement as claimed in claim 18, characterized 
in that the tenninal (12) is arranged to measure the intensity distribution or the 

5 lil<e of the beam (13, 14) during one turn in order to determine the direction of 
the main axis and to determine the location of the tenninal (12). 

20. An arrangement as claimed In claim 18, characterized 
in that the terminal (12) is anranged to measure the intensity distribution or the 
like of the beam (13. 14) in order to detemriine the direction of the main axis 

10 during several turns and to determine the location of the terminal (12). 

21 . An an-angement as claimed in claim 15. characterized 
in that when the base station (13, 14) transmits in time-divisional TDMA 
frames, the transmitter (101) of the base station (10, 11) is arranged to rotate 
the beam (101) a full circle around the base station (10. 11) during one TDMA 

1 5 frame. 

22. An arrangement as claimed in claim 15, characterized 
in that the signals used in location determination and transmitted by the 
transmitter (101) of the base station (10. 11) comprise information on the base 
station (10, 11) and on the angle information of the direction of the signal in 

20 order to determine the location of the terminal (12). 

23. An arrangement as claimed in claim 15, characterized 
in that the signals transmitted by the transmitter (101) of the base station (10, 
11) and used in location determination comprise information on the base sta- 
tion (10. 11), the base stations (10, 11) and the terminals (12) are an-anged to 

25 operate in a synchronized manner so as to make the reception moment and 
the transmission angle of the signal depend on each other in a known manner, 
and the terminal (12) is anranged to measure the reception moment of the sig- 
nal used in location determination. 

24. An an-angement as claimed in claim 18. characterized 
30 in that when the network part comprises the other parts of the radio system 

except the terminal (12) and when the terminal (12) transfers its measurement 
information to the network part, the network part comprises the means (34) to 
determine the location of the terminal (12). 

25. An an-angement as claimed in claim 24, characterized 
35 in that the network part is arranged to transfer the information on the location 

of the terminal (12) over a radio path. 
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26. An arrangement as claimed in claim 15, characterized 
in that the terminal (12) comprises the means (34) to determine its location 
itself. 

27. An arrangement as claimed in claim 15, characterized 
5 in that in a GSM radio system, the transmitted (101) of the base station (10, 

11) is arranged to transmit the signal used in location determination over a 
BCCH channel or provide the information on the frequency and time slots of 
the signal used in location determination over the BCCH channel. 

28. An arrangement as claimed in claim 15. characterized 
1 0 in that the transmitter (1 01 ) of the base station (10. 1 1 ) is arranged to transmit 

the signal used in location determination at one frequency in one or more time 
slots. 
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(57) Abstract 



The invention relates to a locating method and an arrangement for determining the location of a tenninal (12) in a radio system 
comprising a plurality of base stations (iO, 11) and terminals (12). At least two base stations (10, 11) with known locations transmit a 
signal used in locating the tenninal (12), and the signals are transmitted in beams (13, 14) with directional antenna patterns and the direction 
of the beams (13, 14) is changed as a function of time. The terminal (12) determines the location of the base station (10, 11) and the 
transmission direction of the signal used in location determination by means of the beam (13, 14) transmitted by said at least two base 
stations (10, 11). Since the temiinal (12) is located at the intersection of the beams (13, 14) of the base stations (10, 1 1 ) transmitting from 
Icnown locations, the location of the temiinal (12) can easily be determined. The soludon takes muldpath propagation into account. 
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